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Abstract. Weinvestigatethe possibilitythatstrongeUV linesobsened with the GoddardSolar EUV
Rocket Telescopeand Spectograph (SERTS) provide good proxiesfor estmating the total coronal
flux over shorter wavelengh rangesWe usecoordinated SERTS and Yohkoh obsewationsto obtain
both polynomial and power-law fits relatingthe broad-bandsoft X-ray fluxesto the intensitiesof
Fexvi 335A and 361 A, Fexv 284 A and 417 A, andMgix 368 A measued with SERTS. We
found that the power-law fits bestcover the full rangeof solar conditionsfrom quiet Sun through
aciive region, thoughnot suprisingly the‘cooler Mgix 368 A line proves to be a poor proxy. The
quadatic polynomid fitsyield fair agreemenbver alarge rangefor all but the Mg 1x line. However,
the linearfits fail consptuousy whenextrapohted into the quiet Sun regime. The implicaions of
this work for the Hell 304 A line formaton problemare also briefly considered.

1. Introduction

Spectafromthe1989flightof the Goddad Solar EUV RoclketTelescopeandSpec-
trograph (SERTS) yield intensty ratios betweenthe mostacive and the quietest
solar regionsof 48in the 335A line and 47 in the 361 A line of Fexvi, respect
ively (Jodanetal., 1993) Thesevaluesare compasble to thefacor of 50for the
total coronalflux ratio beweenacive+egion andquietSun condtions,estimated
by Withbroe and Noyes (1976) from Skylab obsevations. The Skylab ratio was
basedon obsevations madeby the X-ray Spectographic Telescopean instu-

ment that provided severa filters capable of observing soft X-ray radiation over

the wavelengh rangeof 3—60 A (Vaianaet al., 1973) This similarity suggest a
guantitative relationship that could permit the use of individual EUV lineintensity

measuemens as proxiesfor total coronal flux over impottant broadwavelengh

intervals. We report here on atestof this hypohess,compaing EUV lineintenst-

iesobtainedduring the1993flightof SERT Swith simultaneousobsevationsof the
soft X-ray bandsobsewved with the Soft X-ray TelescopgSXT) on Yohkoh. We also
descibe a preliminary comparsonof nonsimultaneouSERTS and SOHO/CDS
obsevationsrelevant to assessig the Hell phobionizing radiation.
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2. Instrument Descriptions and Observations

The SERTS instrumentusedto obtain thesedat andthe mannerin which they
were obtainedduring the 1993flightare descrbedin detil in Brosius, Davila, and
Thomagq1996).Theobservationsweretaken with amultilayer-coatedyratingflown
for thefirsttimein 1991 (Davilaetal., 1993)andoptimizedfor the wavelengths
around300A (Thomasetal., 1991) The entranceapeture of the quasistigmaic
spectographalows only a sekecied pottion of the solar imageto passthroughto
the toroidal grating, which reimagesit in eachdispesedwavelengh onto Kodak
10107 EUV senstivefilm. Thisentranceapeture was designedwith a‘dumbbel’

shapethat pemits specta and spectohelogramsto be obtained simultaneousy.

Spectra are obtained along a narrow 4.9 arc min dlit, which lies between the two
widelobesof areas4.8 x 8.2 arc min and 4.8 x 7.6 arc min, respecively. Midway

throughthe rocket flightthe instumentpointing is changedoy movementparallel

to the narrow dlit, so that spectra can be obtained from within two of the four

regionscovered by thewidelobesin thetwo pointing postions.Thesewide{obe
images are used for this collaborative study with Yohkoh.

The SERTS spatal resoltion is about5 arc sec,andthe spectal resoltion
is about55 mA, changingslightly in a known way aong the narrow slit. The
wavelength rangecovered is 235-450 A. Brosius, Davila, and Thomas(1996)
demonstratethattherelative line intensitiesare accurateo within 20%over 280
—420A. All of the SERTS lineswe usefor this study lie within thatrange. Thomas
andNeupet (1994)estmate thattheabsolte radiometric accuecy over thisrange
is beter thana facor of 2. The widedobe SERTS imagesusedfor pixel-to-pixel
comparisonwith Yohlohimagesncludesonecontibution from otherwealerlines
thanthosechoserfor this study, but in all caseghe contributionsfrom theseother
lines are nedigible except for the quietest regons studied.

The YohkolVSXT is most sensitive to coronal X-ray emission between 1.0 A
and30 A, thoughthere is somerapidly decining senstivity up to about100 A
(Tsuneaetal., 1991 Figure8). The SXT isequppedwith fivedifferentfilters, each
with a different plasmatempeiaturetesponsduncion. Imageswere taken during
the SERTS flight using both a thin-aluminum filter and an Al/Mg/Mn (sandwich)
filter, which have the broadestemperture+esponsguncionsof the five. These
two filters provide a broadbandresponseto emission from solar plasmawith
tempeaturesgreaerthanaboutl x 10° K. Althoughit is mostsensiive to plasma
attemperaturesof 3—5 x 10, the SXT also yields informaion on quiet-Sun soft
X-ray emission.

For the study of coronal flux proxies,we usedSERTS widefield imagesin
the lines of Fexvi at 335and361A, of Fexv at284and417 A and of Mgx at
368 A. We also obtainedwidedield imagesin the Hell resonancdine at 304 A
for other reasongliscussedelow. Theseobsevationswere madein the second
pointing position during the flight. Following microdensitometry of the film and
intensity calibration, these images were coregstered with YohkoWSXT images of
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(a)

(b)

Figure 1. The SERTS ‘dumbel’ slit projecied onto the Yohkoh imagefor the 1993 obsevations
reported in this paper (a) shavs contours in the measued SERTS Fexvi 335 A intensty and (b)
shaws contours in the corespondig 284 A intensty. Thetwo instumens' resolitionsare different,
which leadsto the differencean the sharpnes®f the featres.

the samesolar region. ThecoalignedYohkohimageswvere maskedandrebinnedto
match exactly the SERT S field-of-view and pixel size. It was then straightforward
to comparepixel-to-pixel the calibratedSERTS intensties with the corregonding
Yohlohflux values.The SXT obsevationsusedfor theanalsisreported here were
taken with the thin-aluminum filter, becauseof that filter's supeior sensiivity.
Observations taken with the sandwich filter, when tested, yielded similar results.

Exampksof ourcoaigneddataareshavnin Figure 1, where conbursof SERTS
Fexv 284 A and Fexvi 335A are projeced onto the coresponding YohkolV'SXT
obsevations.
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Table|
2 g1

st™1) for acive region and quiet-Sun

areasobsewed with SERTS-93, from Brosius, Davila, and Thomas(1996)

Spectralline  Aveaciveregion  AvequietSun Rato of Ave AR/QS
Fexvi 335A 4.09+047x 10° 163+0.19x 1 2509
Fexvi 361A 204+023x 10° 7.72+0.89x 10' 2624
Fexv 284A 578+065x 10° 5.00+0.57 x 10 1156
Fexv 417A 241+030x 10? 1.304+0.20x 10 1856
Mgx 368A  9.43+1.01x 10° 1.824+0.21x 10*° 518
Hel 304A 334+038x 100 6.94+078x 10° 481

3. The Comparison of SERTS and Yohkoh/SXT Observations

The main results of the image coregstration and intensity/flux comparisons are
exhibited as scatter plotsin Figures 2—5. We include the results of both power-law
andpolynomialfitting routinesin Figure2, and give only the reaults of the more
satisfactory power-law fitting in Figures 3—5. Results illustrated are for the lines
of Fexvi 335A and361A, Fexv 284A, andalso, for reasongjiven in Secion 4,
Hen 304 A. Fits were also obtainedfor Fexv 417 A and for Mgix 368 A, but
these results proved less satisfactory and are not illu strated.

The average quiet-Sun and active-regon intensities from Brosius, Davila, and
Thomag(1996)are identfiedin Figures2-5, to give someideaof therangeover
which thefitting wasdone.The® vaues plus thos for the otherlinesfitted, are
reproducedin Table |. Figure 2 shavs thatthe Fexvi 335A line is a reasonalyl
goodproxy over mostof therangefitted, but thatalinearfit caner by asmuchasan
orderof magntudeif the Sunisvery quiet Thesameesul isobtainedfor the other
highly ionizediron linesof Figures3 and 4. We note thattheincreasdn intensty
of the Fexvi linesfrom active regon to quiet-Sun is only slightly greater than half
the valuesobtainedfrom the SERTS-89 flight Thisis amostcettainly dueto the
fact that all the strong coronal line intensities observed in NOAA active regon
7563during the 1993flight were wealer thanthe correspondng linesobseved in
NOAA 5464during 1989;i.e., NOAA 7563was a ‘wealer acive region overall.
The coefficients of the different power-law fits for al the lines treated appear in
Tablell, andthos=for thepolynomialfitsareshownin Tablelll. First-orderpower-
laws were fit to the data with SERTS intensities greater than a critical intensity
at which the scater betweenthe Yohkoh and SERTS intensities was small. The
quadratic fits used all the data.

Thesdlopesof thefirstorder power-law fitsin Table 111 yield uselul informaion
on how the different SERTS lines,formedat different tempemtures,compae to
the YohlolWSXT intensities. The greater thedifferenceof thedifferentlines temper-
atureresponsefuncions from the Yohkoh funcions (which peakat 3 x 10° K),
the greater the slope. This makes sense, since we expect the ratio of intensities
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Figure2. Scatter plotsof SERTSFexvi 335A intensty versus YohkotVSXT flux with both power-law
fits (a), and polynomid fits (b). The fits were delived by a leastsquae mehod over the intensity
rarges as discussedin the text. The coefficients of the fits are given in Tades |l and Ill. The fits
for (a) for the brighter pixels are to within a facor of 50% of the obseved spreadof the data while
for the dimmer pixels the fit is within a facor of 3. The lack of oneto-one correspondencen the
intensity canbe atiributedto a combinaion of instumentuncetainties and the lack of aoneto-one
correspondencef intensty to tempeiature.



184

10000

1000

Yohkoh Flux (expressed in DN)

10

1005

DAVID A. FALCONERET AL.

T T TTTT

T

Illllll

Average Quiet Sun

L

Average AR

|

T T T

100
SERTS Intensity (ergs/cm+*2/s/sr)

1000

Figure 3. ThisfigureisthesameasFigure 2(a) exceptthe Fexvi 361 A spectral lineisfitted.
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Figure 4. ThisfigureisthesameasFigure 2(a) excepttheFexv 284 A spectral lineisfitted.
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Figure 5. ThisfigureisthesameasFigure 2(a) excepttheHen 304 A spectral lineis fitted.

Tablell
Coefficients for the polynomid fits
Spectal line A+ Bz A+ Bz + Ca? App. formatian
A B A B C temperatue
Fexvi 335A 064 013 19 0.086 16 25x 10°
Fexvi 361 A 12 0.28 23 0.21 5.0 x 107° 25x 10°
Fexv 284A 28 0.11 12 0050 1.4x10°° 2.0 x 10°
Fexv 417A —26 36 18 14 —1.4x 1072 2.0 x 10°
Mg x 368A —290 14 250 —16 37x1073 1.0 x 1¢°
Hel 304A —130 0.02 129 —-0019 13x10°° 8.0 x 10*

Note: The standad deviation of the Yohloh intensity for a given SERTS intensity is roughly afacor
of 1.6 for average quiet-Sun conditions and 1.4 for average active region intensities.

from the higher temperature lines to the lower temperature lines to increase as the
temperature increasesAs expeckd,thehighertenperature linesare better proxies
for coronalradiation, atleastin the Yohkohenegy range.

Figure 6 shaws that bright regions are nomaly hot with a narow rangeof
temperatures(2.5 x 10°—3 x 10° K) while dim regionshave awider rangeof tem-
peratures (1.5x 10°—3x 10° K). Thus whilethereisno oneto-onecorrespondence
of tempemture to brightnessthe average tempeiture increasessthe brightness
increasesndtherangeof temperaturesfor agiven brightnesdevel decreasesThe
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Tablelll
Coefficients for the power-law fits
Spectal line A+ Blog(z) A+ Blog(z) + Clog(z)? App. formatian
A B A B C temperatue

Fexvi 335A -23 113 -041 0086 25x 10°
Fexvi 361A -1.7 136 090 -014 0038 25x 10°
Fexv 284A —-34 167 024 0.06 0.021 2.0x 10°
Fexv 417A —091 165 165 —-049 0.138 2.0 x 10°

Mg x 368A -39 230 327 —227 0506 1.0 x 1¢°

Hell 304A —-12 322 427 -—211 0289 8.0 x 10*

Note: The standad deviation of the Yohlkoh intensity for a given SERTSintensity isroughly a
factor of 1.6 for average quiet-Sun conditions and 1.4 for average active region intensities.
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Figure 6. Scatter plot of line-ratio temperature of Fexvi 361 A to Fexv 284 A. The obseved
tempeture spreadis cleaty wider for dim pixels than for bright ones,with few pixels having
line-raio temperatiresof muchabave 3 x 10° K.

temperture dependences a funcion of brightnessin Figure 6 shavs thatthese
highly ionizediron linesare better proxiesfor acive regionsthan for quiet Sun
condtions.Both of thesdinesyield reasonald estimatesof SXT fluxes(again see
Figures3 and 4), but the rangeof temperaturesandestimated fluxes decreasesas
the region obseved becomnes more acive.

Theintendty of a SERTS spectralline or an SXT bandpascanbewritten as
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Figure 7. The theoretical intensity ratio of Fexv 284 A, andFexvi 361 A vs Yohloh SXT flux
obsewed with the thin aluminumfilter asafuncion of tempesture. Both ratios are doubk valuewith
the Fexv (dotted) peakig at 1.5 x 1P andtheFexvi (sdid) peaking at 2 x 10° K. Below 1.4 x 10° K
both ratios changes rapidly. Due to absdute calibration concerns between the two instruments these
theortical intensity ratios cannotbe usedto measue thetempetures.

I(Ta 7]) = G(T)n ) 1)

where I is the intensity, G is the plasma emissivity in either a single SERTS
line or over a SXT wavelengh band,andy is the emission measure. Line-ratio
diagnosicsassumeshatall of the emissbnfrom thetwo different spectal regimes
is emitted from the same volume of isotherma plasma, so both have the same
emissbn measue 7. This is a reasonald approximaion for theseiron linesand
SXT bandpassesThe intensty ratio of the two different specta regimesthen
becones

I  G4(T)

Fiz=7 = cop) @)

We can obtain the quantities G1(7") andG2(T') from Brickhouse Raymondand
Smith (1995) and Tsune& et al. (1991) Figure 7 plots R, , asa funcion of
temperature for the lines Fexv 284 A and Fexvi 361A vs the wavelength band
obseved by Yohkohwith the thin auminum filter.

TheSERTSspectal intensty would beapeffectproxy for the SXT fluxif either
of two conditions were met. Either the relation between intensity and temperature
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is single valued,or G1(T') and G»(T) have the sametempesture dependence.
Clearly neither condition is met. However, Figure 6 has aready shown that the
spread of SXT fluxes for given intensities of Fexv 284 A and Fexvi 361A is
comparatively narow, appioximately a facior of 2. Thisis not suiprising because
the plasma emissivities peak in all three cases over a similar high temperature
range. Figure 7 shaws that there is also a greatr changein the rato R1(T")
over quietSun condtions than for a broad rangeof acive regions condiions.
Onewould also expectthe concave shapeexhibited by the linear poverlaw fits
illustrated in Figures 2—4, from the theoretical intensity ratios of Figure 7, where
the ratio is smaller for the higher and lower temperatures than for the intermediate
temperatures.

4. Discussion/)ncluding the Helium 304A Problem

Theprimary objecive of this studyisto assesthe value of several strongspectal
lines obseved with the SERTS as ‘proxies’ for solar coronal flux over some
definabé rangeof solar conditions.

We demongiate here thattheseconderderpower-law fitsfor the highly ionized
iron linesillustratedprovide rea®nablygoodproxiesover abroadrangeof coronal
intensities, and predict the Yohkoh broadbandsoft X-ray fluxesto within 50%for
actve regionsor a facor of 3 for quiet-Sun condtions. All other fits were less
satsfacbory, for variousreasonsln patticular, useof alinearappioximaion with
the Fexvi linesundeestimatesthe quiet-Sun soft X-ray intensty by asmuchas
anorderof magntude.

Two equal volumes of coronal plasma at the sametemperature might still yield
adifferentratio of ‘proxy’ intensty to coronalflux if thereare differentdensties
inthetwo volumes or if there are differentelementl abhundancedJsing a spectal
line whose emissivity is comparatively density insensitive, such as Fexvi 361 A
or Fexv 284A, addesseshefirstconcen.

Thesecondconcenisprobably more serious,as coronalabundanceare known
to vary from onestructure to another(Meyer, 1985) This effectcanbe minimized
if we use only spectral lines from an element that dominates the plasma emission
over the bandpas®f interest According to Cook et al. (1989) iron dominates
the emissn of solar plasmafor tempeitures greaer than 300000 K. Adding
in only the other elements with a low first ionization potential (FIP) less than
10 eV, thisdomination continues up to temperatures of several millio n degreesuntil
bremsstahlungradiation becomessignificant evenfor phobspheic abundances.
Cooketal. alsoshow thata variation of afacbor of four in the low-FIP elemenl
ahundancevould produceonly avariation of 50%in the ratio of irondine emission
tototal emisson.Incontast avariaton of afacorof fourin theabundancef high-
FIP elements(FIP > 10 eV) could introduceneaty a facor of four variaton in
thislatter ratio. However, oneshoutl note thatspectafrom very low-FIP elemens
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(FIP < 6.1 eV) suchasAl, Ca, andNawould be a poorchoicefor assessig the
coronalflux, aspreviouswork hasshown that they canbe enhancedn the corona
conmparedto the other low-FIP elements by as muchas afacor of four (Falconer
Davila, and Thomas1997)

In addition to fitting the SERTS coronal line intensities against Yohlkohl/SXT
fluxes, we alsofitted the SERTS Heil 304 A line, in an effort to determine if any
guantitative relationship existed between these relatively ‘hot’ coronal radiations
and the transition regon 304 A line, whose mechanism of formation remains a
subpgctof cumrent reseach. This fit exhibits a larger depature from lineaity than
any of the highly ionized iron cases, as illustrated in Figure 5. However, the soft
X-ray fluxesmeasuedby Yohkohlie far from the Hell ionizaion edgeof 228A. It
would be far more meaningful to correlate simultaneous cospatial 304 A intensities
with intensities in the strong iron lines that lie just below thisionization edge, to
gain insightinto the role of phobioizaion+tecombnation (p — r) in the formaion
of the 304 A line.

Figure 8 providesus with a roughestmate of whattheseionizing fluxes are.
Both the quietSun and aciveregion specta shavn in Figure 8 were obtained
on 2 Sepember1996,with the Coronal Diagnosic Spectometer (CDS) Grazing-
IncidenceSpectromete(GIS) ontheSolarandHeliogphericObservatory (SOHO).
Oneseesanincreasef over an orderof magnitudein the number of countsrecaded
for the acive+egion spectum over the quiet-Sun spectum, in the strongionized-
iron lineslying justshort of 228A.

Onewould expectsuchanincreasan themosteffecive phobionizingradiation
to yield a larger than obseved increasein the quiet Sunto acive+egion 304 A
intensity in SERTS 304 dat of Figure 5, unlessthere are lage effects dueto
aborption of 304 A photonswithin the atmoghere.One possibility is that the
p — r mechaném dominates the line formation everywhere, and that thete are
indeedlarge saturation effects in the acive region, but this contradicts resuts
supportingcollisionalexcitationin at leas thequietSun(Jordanetal., 1993) These
consderationstakentogethersugges thatcollisional excitationof the 304A line
maydominate over p — r in acive regionsaswell asin the quiet Sun,espedcilly in
view of the largeincreasén electron densty foundin aciveregions,which causes
acorregponding(linear)increagin thecollision-dominatedourcetermin theline
souce funcion. We are hopetil thatreseach curently undeway using SERTS,
SOHO,andgroundbasedbsevationswill furtherclarify this picture.

It is somewhat speculative at this stage whether Extreme Ultraviolet Explorer
(EUVE) obsevationsof the linesFexv 284 A and Fexvi 335A and361A might
beusetil for estimating total coronalfluxesfor anumberof otherlate-typestars, but
the data are available. Since the resolution of the spectrometer over the wavelength
range70-760A isabout200(Bowyerand Molina, 1991) blendingwill introduce
someerror, but not necessaly a seliousonefor total flux esimatons.A number
of ‘cool' stars for which theselines have beenobseved are reviewed in Jordan
(1996) TheseancludeProcyon,ChiBooA (+B), and Capela. While current work
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featuresfairly straightforward spectoscopt diagnosics, future efforts to assess
lineformation mechansms might find the useof theselinesas proxiesfor total
coronalflux usetil.
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